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T/ RS SRS, A 250 R FH AR MS/MS 2
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(48.2% ) FeEBEMIT | 7 0% AH 24 H 332 AN [F) F
FEM P B A sl S AR Y B T, ICP-MS
M+ HERK R YU P AR TR B, XL %
JEENT Ag FBAZ BIEE B TP Ag W] B 52 B 58 |
BT 8" Ag VR R 43D R A2 2 5 T Guo 552"
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107.109) 43 5151 A 1wg/L A5 5 E 7 . 10mg/L
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B4 131429¢ps .86679¢ps Fll 1425361 cps,, F_LiAR%L
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Main product ions and signal intensives of 1pg/L Ag solution(a), 1mg/L Nb solution(b) and 10mg/L Zr solution(c) in
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160,161 &b HBL T 55, H m/z=109 &5 5 B &
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BEA S LA L, FER RSN T RAE m/z=109
AR A 550 B AR AL AN K, 85 AR TEm/ 2= 109 4b B 15
e B e D L T R U B AR T Rl
MS/MS 2 (Q, = 0, = 109) A &b 714 B 55 . P8 A Ak
YA E A R BT
2.2.3 AR -BSTHEE

RS FRHA X BT BA & RN G, 7T L
HREHITCR KA AR TIRA%E R
T ICP - MS/MS F I & A 7E 218 BR™ 2" 0'H” |
MZx'°0" PNbOT P Zr'°0 H"AE £ J5 B R AR
SERITHE, Img/L B TEMAE" Ag " Ag b7 A=
)T PRIEABE 58 A TH R, (EX T 40 7 PR HL B e =
— 5, ALK Q) 2L UERR m/z=109 SR
S, 38 5 A B B AR T AT RE % T T R
N FHIET AT, R AR, ShRESRE T A
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m/z=175 (@ FLH FE B F 2 2 W B+ 85 1
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MZeUN,H, PN T SRR R AR
R BRAE m/z2= 109 143 AFFE SR (S 5, 5 FI
HRAE m/2=109 A5 555 & I B B fEm/z=143
b B A F S BAF SR EE RN (40cps) , UL 2 A1
A g MS/MS B (Q, = Q,=109) B # Mass -
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AACYXHR BT, 5 Eduardo 455 I &S5
4F, ICP - MS/MS il %' Ag 7 3% i MS/MS #5i 5,
(Q,=0,=107) 5i# Mass—Shift # = (Q, =107,0, =
141) R T 5B HAT

g5 b AR MS/MS Bl AR MS/MS B &
S, MS/MS R 40/<, Mass—Shift # R B HEE— E 12
JE RS e e S A L AR T, T
I RAR S50 5 ik — 2D A 5N [ RS LA B T T
2.3 ARG 2IE -5 XY Ag T

THPRFRIE

1E ICP-MS/MS ARl s AR =0T, e B
R 2 5t AR T A % A ) el A B £ 5
TR RN TR, S EmE T RN G S
SRR SLERSR S RO B (BEC) 1A AL
TR FRIE, DL Tmg/L 88 F1 10me/ L 85 1R A T RAE
RS IR, TR A g/ L AR | Img/L
HPEAT 10me/ L E5IEA VWA A FAAR AR, 76 AR TR
L 5V I RO QAR LA L N TR W Y =8 ST N & S
FLARNAR 75 AT 5 5k B RN 15 S S5 50k B i AR AR 1
i, DA 2 Bt AR , 25 SR A 2 s
2.3.1 SR MS/MS #ixt

TEZA S MS/MS 0 F, A AW #HTE 0. 5 ~
7. 0mL/min & FEI N, B T52 2 3 AR 52, B4
QU RGN, JEARZS P TROR A bR ¥
1425 b B8 5 USRI ), R 41 i K 3
BT R BT AL Y R AR RO B R e T = R R
RS, M AR B IAF] 7. OmL/min B}, BEC [
Rz 0. 431 pg/L, A L THRE MS/MS B TP
(11.7pe/L) FRET 20 f50A L
2.3.2 HA MS/MS Bzt

TEE A MS/MS R, " AW #HTE 0. 5 ~
3. 0mL/min JEFEI, ”Nb'°0" ' Zr'°OH} | *Zr' OH* 55

— 1021 —



HOW

il

i

55 6 1] 2022 4F
http;//www. ykes. ac. cn
10° 15 2.0x10°
—0—%145?@?’5@ —'—%ﬁi%@ﬁ?& 114
« SR || ) hl SRR | ||
105 —=— RO E 1.5x10 —— = WRERRE | |
_ | s - iR aas S ey, 11.0 ~
5 P2 Boaey eees 082
£ o] £ o
104
e 16 3 Fsoae| 00
104
10° 13 0F ~0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0 _ ())
e S 0 . Pt ettt ettt e B R
0 1.0 20 3.0 40 50 6.0 7.0 0.5 1.0 1.5 2.0 2.5 3.0
A # (mL/min) SR HUE (mL/min)
2.0 20
) 10¢ | (d) '/‘/VH—'F"’_""NQ
10 s el ~JEREARH | |
~—— . - e LR
—~ 10*F T o — = REBOKE %
Z —EEEERE] |, 2 5wl | 2
= D s 51
= 1oy - RENORE|| 2 = 2
\’\-\.\,\. 105 1s
10° . 10° R e N
O Sl L, Temesasesesaaas (0
02 04 06 08 1.0 12 14 16 18 2.0 22 02 04 06 08 1.0 12 14 16 18 2.0 22
ST (mL/min) SAFHE (MmL/min)

B2 (a)Z5S MS/MS B (b) B MS/MS sk, (¢) ZUS MS/MS Bk (d) 2 Mass—Shift Bl F S AR A LA 2 A
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Fig.2 Effects of cell gas flow rate on signal intensities of matrix blank solutions, matrix spiked solutions and BEC by (a) helium

MS/MS mode, (b) oxygen MS/MS mode, (c¢) ammonia MS/MS mode, and (d) ammonia Mass—Shift mode

THZIETF B F 58 LA RN, B AR 2 s i Al
SRR IRV W 17 5 5 B o S =D 1 3 1717
WREAIG , ¥ B AR ROR FE PR S E R KT
1. Smin/L J& , 15 505880 B TR, 76 AUl
iKF] 2. 6ml/min B, BEC [ 2= 51K (7. 60ng/L) , #
TRl MS/MS B0 TR EE T BE T 1500 2148,
Zhang %7 HE T B DUMAT 1ICP-MS 4L AR
HM 2. 7TmL/min B}, BEC f#%] 0. 02~0. 03pg/L, 5
HLPURAT 1ICP-MS B AH Eb, ICP-MS/MS 5Bk
THene S Es
2.3.3  ZHA MS/MS Bzt

TER S MS/MS BT, /A AE 0.3~2.0
mL/min Y& [ P, BT T2 5T 5Nb°0" ' Zr'OH; |
P OH E T Z R T3 F RV EFE KT 5" Ag"
) S IV 3 B AR 2 VS WA 5 0 B o 2 R R
PR T 7 G AT, A I v R A 5 iR B R R
I, T A 0O B T e i A5 > A B 1 n )
1. ImL/min B, T 508 R50K BT BEHURAR S Y2
T M E] 1. 8mL/min B, BEC [ 3 5% (7. 39
ng/L) M F AR MS/MS B TR AL TR T
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1500 Z4% ., 5 Naoki %5 izifi ICP-MS/MS R %
SEAL BB E ' Ag 1), 10me/L 4R B IR S
IR BEC AT FE3] 0. 006 /L FIL5IEHIA

2.3.4  Z'X Mass—Shift #z

TEZX. Mass - Shift #20F, 2 W #AE 0. 3 ~
AL PSR T 2 R ARG, LA AR I WA o
SERE AT RN [ 2 B A TP Ag” (NH,) 5
AR ], 8 S AR B 5 T R A X AR e
JNZE 1. OmL/min B, 75 56458850 Bl TR, E A
MBI ZE 1. 8mL/min I, BEC [ % 1% (5. 78
ng/L) A0 L T ArdfE MS/MS #isl T4 E T T
2000 £1%,

Zi 1 2R MS/MS B AR MS/MS #E =R
MS/MS #2220, Mass—Shift Bz REG S REAL T
o, HPhZR MS/MS BEA AR TP HE 15859 , Img/L
HEA 10mg/ L BHR G WO AR I 148 HAERFAIL 20 £
i 3 SR MS/MS BRI MS/MS B REIR T RE
F185 , T AT AL 1500 245 ; 23 Mass—Shift #5558
FEARTHLRE Ty i, =3k 2000 A5
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2.4 DPURPIEBL T IR ECR

Sk T a2 5 DO ) A T R T R
RIS SR MS/MS FER A MS/MS B &
S MS/MS B ZS Mass—Shift #3 F 23 5151 AR
W] e B A9 &5 % W (10 ~ 1000mg/L) il 48 % W
(1~1000mg/L) #4743, /BT R W3 2,

2 ARWEME.REBAEAFN ST “Ag
FHEEOL
Table 2 Interference effects of different concentrations of Zr and

Nb solutions on ' Ag in different measurement modes

19 Ag MR H (ng/L)

. ok 4 ] )
e AX AX AR HA
- TRk ] ] C ,
e A MS/MS  MS/MS  MS/MS  Mass—Shift
R [E5-y X K
10.0 0.013 0. 006 0. 006 0. 005
50.0 0.061 0. 008 0. 007 0. 007
FEVE R 100 0. 140 0.019 0. 022 0. 020
500 1.047 0.035 0. 030 0. 030
1000 2.432 0. 050 0. 047 0. 046
1.00 0. 441 0. 000 0. 000 0. 000
5.00 2.630 0. 005 0. 007 0.003
10.0 4.960 0. 009 0.011 0.005
IR 50.0 26.542 0.036 0.037 0.013
100 43. 441 0.077 0. 074 0.026
500 411.726  0.472 0. 356 0.128
1000 978.826  1.006 0.780 0.261

HH 2 2 100 45 SR T A I A 7 R VR B 4 )
Hahn, PR CHE ' Ag &by AR B TR SIAE ARG R Y
s ULHIBEE TP BE A3 0, R I BR B RCR
FFAE— 2 FE B s | X A PO SR AR
B —1CP-MS/MS 0 2 44 v (1) i it ke IR 25
B R EE RGN BT RO AN 8 A 2 il BT P R
AGEA, ASLR R B OHR FE R T 100me/L
J& , AR MS/MS BT A Ag b A TR F
0. 140pg/L, B F HIEAUK R PURY Th IR AR
(RE ) ) 28 AN AT 2200665 1T > 4% 5 Wk B2 KT 1000
me/L Ja, HoAth = Fp A = 0. 005pe/L 3 i 2|
0. 050/ L, X 4RI 2 1) 50 i ] 45257, i — A5 AER T
ARSI R ES T PLRE T 58, 1mg/L D) 4R
AR MS/MS BT T'7Ag b= A T E
ZRT 0. 441 pg/L, THEATT 20 ; MRk 1S
JnE] 500me/L Ji5, A5 MS/MS A6 3XF 4 1 i 51
0.472ug/L, &3 MS/MS #i 3T %] 0. 356ug/L,
2’ Mass—Shift BLzU T3 0 2] 0. 128e/ L, MRS = Ff

BT 500mg/ L AR EL B 5 AR 0 1 i M L
A Mass—Shift BT T4/, UL FLREAT T4
GIEWAR e Il et O

B E HERUK RUTR DT o v —
WEAE LTS we/L B mg/L SN (#2 0. 1g BE
THMER 2 S0mL THRD) | 7RI Fl N DU A g
— R H T R TG, o F R IE FH RIS
2.5 PURPBLXF AP ik s
2.5.1 ARuERRZR AT 4G R

TESEIS SAEAL TR, ICP-MS/MS 75 A ] 55 =
T BRI R AR AR BV R, AR I O R O
AEBRARTCR 5 INARIT R (Rh) 1Y BT o B H (B 90
ARBRIEF T R, A5 BN RIS 20T bR o i 26 07
P 4% FE L o0 A D BRI & 12 Iy & IR,
ICP-MS/MS 43 5I1E 5K MS/MS #3X,  < MS/MS
R R MS/MS BRI A Mass—Shift 20T iE
RO  THERE s e 25 R AR TR 22 (SD)
P 3 A5 bn o O 25 1H 545 B RN 09 05 ik
PR, SCoRZs R DU AR 1) 2tk A OC R A
KT 0.999, Lt ¢ & RAF, & i BR 43 51 24 0. 005
mg/kg 0. 002mg/kg .0. 003mg/kg F1 0. 003mg/ kg, 3
RT3 TR T WO 3% vk 0 5 AT b s
(X R AL 2 R S A3 AT O v 56 11 3R AR RN
Bl sC i - R LI ) (DZ/T 0279. 11—
2016) FYAG HI B, S5 BAPURE AT ICP-MS 351570 f46
FEAR Y e TR LA 4 A5k BRI, BRI 2 i 41
UK ZUURYIRHN 5K, PR R 70
7131cps + (ug/L) ™" . 74179cps - (pg/L) ™" .6255¢cps -
(pg/L) " 13327cps » (wg/L) ", Y RE G 2 ik 7
Ko AR B Ag" SRER R, S EA R MS/MS
B RGN Ag" AT SRR SRS RV INTAS
AR, S EES MS/MS #5198 <. Mass —Shift
T REPEAIAS MS/MS B,
2.5.2  JrikMETH RN

PEUEA — B MR EERA R TR A A
REFEPER T HERK R VTR AR Y AL 10 4,
iz B 22 A RE o 43 BT 7 1 6 S b vE ) TR A AT 6
WA bR A 22 (RSD) FIARXHR 2, & 3
AL 2R MS/MS B AR MS/MS R | A
MS/MS #EZH140 <. Mass—Shift = FEETT R I E
SEE 9 RSD 43 9IAE 1. 5% ~6. 3% 1. 4% ~ 8.3% |
1.4% ~5.9%H1 0. 7% ~ 8. 2% 2 |A] A5 E BRIt &
S MS/MS #55 B A MS/MS #2154, Mass—Shift
AR s o ) S5 T X A A A 3 TR Y
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Table 3 Accuracy and precision tests of the method by different measurement modes

SR MS/MS SR MS/MS A MS/MS Bt /S, Mass—Shift

R || HxE | W R | wWE
55 (mg/kg) P WE PRI R | B R | R
(mg/kg) (%) |(mghg) (%) |(mghg) (%) | (mgkg) (%)
GBW07403 0.091+0. 007 102 2703 0.096 2.4 5.5 0.094 2.2 3.3 0.095 3.1 4.4 0.093 2.6 2.2
GBW07404 0.070+0.011 543 7143 0.115 3.0 64.3 0.075 4.0 7.2 0.077 3.8 10.0 0.076 4.6 8.6

GBWO07405 4.4+0.4 5 62 4.42 1.5 0.5 4.41 1.4 0.3 4.31 2.8 -2.1 4. 40 2.4 0
GBW07407 0.057+0.011 1123 5579 0.105 4.9 84.3 0.053 4.2 -7.1 0.051 5.1 -10.6 0. 055 5.6 -3.6
GBWO07451 0. 074+0. 006 208 3446 0.073 5.0 -1.4 0.074 2.7 0 0.072 4.2 -2.8 0.070 2.8 -5.5
GBW07302a 0.040+0.011 1000 3550 0.072 4.7 80.0 0.038 8.3 -5.0 0.034 5.9 -15.0 0.035 7.5 -12.5
GBW07305a 0. 63+0. 06 27 437 0.652 3.3 3.5 0.629 1.8 -0.2 0.626 1.4 -0.7 0.628 0.7 -0.4
GBWO07309 0.089+0.010 202 4157 0.088 3.1 -1.2 0.086 1.8 -3.4 0.083 2.9 -6.8 0.087 3.6 -2.3
GBWO07311 3.2+0.4 8 48 3.20 2.0 0 3.21 1.4 0.4 3.18 1.6 -0.7 3.28 2.2 2.5
GBWO07375 0. 040+0. 004 155 2190 0.043 6.3 7.5 0.037 4.5 -7.6 0.038 5.6 -5.0 0.037 8.2 -7.5

T : Nb/Ag H1 Ze/ Ag 53 BAFRUERE R TR RIS 95 1 SRS S AT L

AT IR 22 0 IAE-T7. 6% ~T. 2% —15. 0% ~10. 0% .
—12.5% ~ 8. 6% Z 1], i W] 3x LE R A R 47 1Y) 1
P, 0 F R HEAUK R DU R 0l e ; AR
MS/MS A I (B A ST IR 25 7E - 1. 4% ~ 84. 3%
Z ] H8 T AR ™ H AR AR i Tt R O 2 5
K (1 GBW07304 . GBW07307 . GBW07302a) , it 1]
K FHZ AR BRTE | B A Ak Fn A S e 1 i
THere i#ss, 5K 2 4518 —3, AR MS/MS B
{GE A B B TP 2 1 L 5 FK R DR
T

3 45k

SR AR MS/MS Bz AR MS/MS A
H/R MS/MS B, S, Mass—Shift #2105 + 35 1
KRR AR, 2 BIAFF ST T 4R 4R 85 = Fhoc &
FEAR TR MBS A T 0, B T R R RS/ s 1y A
THPRYR B Y AL S SR AR T 3R T Y
Fik T, FE AL AR AR s, T
P AR T 20,1500, 15002000 4%, [l %
DUFPASE ) 3l PRI T T ST, 3 DU s X )
e 2 RIS H BR 4 BE T L AR SR . &R MS/MS
AR R ORE AN T B BB 0 Y A5, I T S PR
I 75 TR, SIS TR B S s ke,
i = FPA AT 2 ERK R DT R AR ST
SEMITT R &R MS/MS M R 455, TH i b
RE 13 3 SR MS/MS A R U d A, TR T BR
Al 738 1 < Mass—Shift B R AU E T, TH0W
BRAE e, AWFST R HIERUK R DB PR TR

— 1024 —

Mg Rt T 2R 508 MERR YTV o AR ATAL B
AR PR T ARG AT B Z U R R I E

ABFFAEHTN TAERIRERR b — 240 T A
Hlf A/ S A S B8 B A A A R A A T LA
FRAIL AT BRAOCR, 95 P L Img/L H23 . 10
mg/ L B RS 1 e SUK R DU AR 1
P MR , SR JH 1T 357 S5 800 BE PR A T P T PR AR
JE, TRIALAIFSE T DU A O AN [ e JBE 48 4t 4 T
AT HERE ST, S 56 S AN [R) A O A0 R vk JBE 410
PRI BRBE ST AR . 24 5 P i Ak 80 Hh 22
BRI B R T A SCSE 30 25 A I, ] o o 9 5t 4
RO P FR A 25 AR U T PUTH BR AR L, 45 & il
A PR A B A A A e 2 8t — P AR, 15
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Determination of Silver in Soil and Stream Sediments by ICP-MS/MS with
Four Collision/Reaction Modes

LIU Yue, LIN Dong, WANG Jilu, LI Jing, WANG Xin
(Tianjin Eco-Environmental Monitoring Center, Tianjin 300191, China)

HIGHLIGHTS

(1) The four modes, helium MS/MS, oxygen MS/MS, ammonia MS/MS, ammonia Mass—Shift, could reduce the
mass spectrum interference of “Nb'°0* | *'Zr'°OH}, *Zr'*OH" on '®Ag", and the elimination mechanism was
discussed.

(2) With the optimal cell gas flow rate, the interference of niobium and zirconium to silver was decreased more
than 1500 times in the oxygen MS/MS, ammonia MS/MS, and ammonia Mass—Shift modes.

(3) Four collision/reaction modes of ICP —MS/MS were utilized for the direct determination of Ag in soil and

stream sediments.

MS/MS mode
Q, m/z=109 Reaction gas O, Q, m/z=109
'”"Ag‘ | — | —— 109 Ag’

927p160H*, ‘)lzr]bOH2+’ AN — ) 0 ) = —

AZr0*, NZrOH", WAg’, %Nbuw\e;) ——  —
‘)IZrl(vO H +, ‘)ZZrI()O H +’ ‘)3Zrl(v0 H +

‘)IZrI()O+, ‘)()ZrIGOlH+’ lll7Ag", ‘)3Nb|4N"
‘)ZZrIGOH—, ‘)IZrIGOIHZ—i-, ‘)3Nb|(\0+ +02
_)lllzrl(vomH”*-’ ‘).’ZZI.I{:O"’H"*-, ‘JBZI.I()O H +

m n

Mass-Shift mode

Q, m/z=109 Reaction gas NH, Q,m/z=143
CAL 0 | > ""Ag"(NH,),
927p160H*, «)121.1(»0]_[2»«, 9B3Nb16O* ) = S — )
‘)]Zrl()o—', ‘)(]Zrl{)OH+, ll)7Ag+, ‘)SNbl"N'r 0:) 0:)
Y
AZr60", CZrOH', VAg', “NbUN’ PZe“N H,", PZeN H', SZeN H!

I()‘)Ag4'+NHS_)H)‘)AgW(NHS)z{—
2716OH*, "'Zr“’O'HZ*, BNbleO* +NH3
—9IZr4N H *, ”Zr”NmH”*, 937, 14N H *

m n m n

— 1027 —



A v W =t
http ; //www. ykes. ac. en

%6 2022 4F

ABSTRACT

BACKGROUND: It is difficult to accurately determine the content of Ag in soil and sediment due to the mass
spectrum interference of niobium, zirconium oxide and hydroxide during inductively coupled plasma — mass
spectrometry (ICP-MS) analysis.

OBJECTIVES: To develop methods for the determination of trace Ag in soil and sediment samples by four
collision/reaction modes.

METHODS : The changes of mass spectrum signals of “Nb'*0", *'Zr'*OH}, *Zr'*OH"* and '"Ag" in helium,
oxygen and ammonia were determined using inductively coupled plasma—tandem mass spectrometry ( ICP—-MS/
MS). The interference elimination ability and elimination mechanism of different collision/reaction modes were
investigated. The samples were digested by HCl —HNO, — HF —HCIO,. The content of Ag in soil and stream
sediments was determined by helium MS/MS mode, oxygen MS/MS mode, ammonia MS/MS mode and ammonia
Mass—Shift mode.

RESULTS: With the optimal gas flow rate in the tank of the four collision/reaction modes, the interference degree
of niobium and zirconium on Ag were decreased more than 20, 1500, 1500 and 2000 times, respectively.
The detection limits of the method were 0. 005mg/kg, 0. 002mg/kg, 0. 003mg/kg and 0. 003mg/kg, respectively.
The accuracy and precision were verified by national reference materials of soil and sediment, while the relative
errors of measured values and certified values were —1. 4% -84.3%, -7. 6% ~7. 2%, —15. 0% -10. 0% and
-12.5%-8. 6%, respectively. The relative standard deviations were 1.5%-6.3%, 1.4%-8.3%, 1.4%-5.9%
and 0. 7%—8.2% , respectively.

CONCLUSIONS : Helium MS/MS mode has a low capacity to eliminate mass spectrometry interference, and is
suitable for the determination of samples with little interference of niobium and zirconium. Oxygen MS/MS,
ammonia MS/MS and ammonia Mass—Shift modes have a strong ability to eliminate mass spectrometry interference,
which can be used for the determination of trace Ag in soil and stream sediments; and have the advantages of lower

detection limit, wider linear range, and simultaneous determination of multiple elements, when compared with the

industry standard DZ/T 0279. 11—2016.

KEY WORDS: collision/reaction modes; silver; inductively coupled plasma—tandem mass spectrometry; soil;

stream sediments
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